Crossing Disciplinary Boundaries to Understand Human Drivers of Environmental Threats by Eugene A. Rosa & Thomas Dietz
Crossing Disciplinary Boundaries to Understand Human 
Drivers of Environmental Threats*
 
Eugene A. Rosa
Department of Sociology
Washington State University
Pullman, WA 99164­4020
rosa@wsu.edu
Thomas Dietz
Sociology and Environmental Science and Policy
Michigan State University
East Lansing, MI 48824
Tdietzvt@gmail.com
*Paper presented at the annual meetings of the Ecological Society of America, 
Pittsburgh, 
PA (1­6 August, 2010)
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
IF I HAD A HAMMER!
“GIVE A LITTLE BOY A HAMMER, AND HE WILL FIND THAT
 EVERYTHING HE ENCOUNTERS NEEDS POUNDING.”
THE LAW OF INSTRUMENT, ABRAHAM KAPLAN (1964:28)*
QUESTION:  IF EVERYTHING IS TACKS, DOES ONE EVER THINK OF 
A HAMMER?
*A VERSION IS ALSO ATTRIBUTED TO MARK TWAIN:  “TO A MAN WITH A 
HAMMER EVERYTHING LOOKS LIKE A NAIL.” 
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OBSERVATION:
THE HUMAN DIMENSIONS OF GLOBAL ENVIRONMENTAL 
CHANGE RESEARCH HAS EMPHASIZED THE TACKS (IMPACTS OF 
HUMAN DRIVERS) RATHER THAN THE HAMMER ITSELF (DRIVERS
—ANTHROPOGENIC SOURCES—OF IMPACTS): 
­ LAND USE, LAND COVER CHANGE
­ECOLOGICAL RISK: VULNERABILITY, RESILIENCY, 
ADAPTATION
­INSTITUTIONAL ISSUES:   (1) COMMON POOL/PROPERTY 
PRACTICES
(2)  ACTIONS TO ADDRESS IMPACTS
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Definition:  Global Environmental Change
1.  CUMULATIVE EFFECTS ­ EFFECTS THAT 
ARE
        LOCAL IN DOMAIN BUT SO WIDELY REP­
        LICATED THAT IN SUM THEY HAVE 
GLOBAL
        CONSEQUENCES.
        EXAMPLES:  TROPICAL DEFORESTATION,
        DESERTIFICATION, SPECIES LOSS, 
DAMAGED
                  LOCAL ECOSYSTEMS, AND RESOURCE 
                  EXHAUTION.
2.  SYSTEMIC EFFECTS ­ EFFECTS THAT
      OCCUR ON LARGE SPATIAL SCALES OR 
ALTER
                 THE FUNCTION OF LARGE SYSTEMS.
       EXAMPLES:  OZONE DEPLETION, GLOBAL 
       CLIMATE CHANGE.
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CHANS - COUPLED HUMAN AND NATURAL* SYSTEMS
    THESE ARE INTEGRATED SYSTEMS IN WHICH PEOPLE          
        INTERACT WITH NATURAL COMPONENTS
A.  THEIR COMPLEXITY IS NOT WELL UNDERSTOOD
B.  DUE TO TRADITIONAL SEPARATION OF SOCIAL AND      
     ECOLOGICAL SCIENCES
C.  MUCH GREATER UNDERSTANDING OF H->N THAN N->H
*OR ENVIRONMENTAL SYSTEMS
REFERENCES:
LIU, JIANGUO (JACK) ET AL..  2007.  “COMPLEXITY OF COUPLED HUMAN AND 
NATURAL SYSTEMS.”  SCIENCE 317: 1513-1516.
LIU, JIANGUO (JACK) ET AL..  2007.  “COUPLED HUMAN AND NATURAL 
SYSTEMS.”  AMBIO 36: 639-649.
 
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
THE HAMMER: STIRPAT RESEARCH PROGRAM:
THOMAS DIETZ – MICHIGAN STATE 
UNIVERSITY
EUGENE A. ROSA – WASHINGTON STATE 
UNIVERSITY
RICHARD YORK – UNIVERSITY OF OREGON
­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­
­­­­­­­
KYLE KNIGHT – WASHINGTON STATE 
UNIVERSITY
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ECOLOGICAL FIRST PRINCIPLES:
NATURE PROVIDES ECOLOGICAL CAPITAL AND SERVICES. 
FACTORS IMPACTING THEM ARE:
FOR ALL SPECIES:      *(1) NUMBER OF MEMBERS
                   (2) GEOGRAPHIC SPACE
                           *(3) RATE RESOURCES ARE CONSUMED
       FOR HIGHER ORDER  *(4) TECHNOLOGY
       SPECIES (HUMANS)     (5) AMOUNT OF WASTE
*WHAT NORMAN MYERS CALLS THE  “REDOUBTABLE TRIAD”
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I = PAT
Accounting Version
Impacts (I)
Population (P)
Affluence (A) or Consumption
Technology (T)
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
    STIRPAT  (statistical form)
Stochastic Estimation of  (accounting form)
   Impacts by   I
   Regression on
   Population   P
   Affluence         A
   Technology     T
Plus the need to account for noise or error
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STIRPAT ESTIMATION FORMULA: 
 
(a) LOG I = LOG a + b Log P + c Log A + log e 
 
    OR 
 
(b) LOG I = a + b Log P + c Log A + e 
 
 Where   a = LOG a  
               e = LOG e 
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STIRPAT RESEARCH PROGRAM (NATION 
STATES)
STRESSORS EXAMINED (PUBLISHED):
CO2   (CARBON DIOXIDE) 
CH4   (METHANE)
NOX   (NITROGEN OXIDES)
SO2   (SULFUR DIOXIDE)
ODS  (OZONE DEPLETING SUBSTANCES) 
      ECOLOGICAL FOOTPRINT (FT) - (TOTAL)
ECOLOGICAL FOOTPRINT (FT) - (PARTS)
-------------------------------------------------------------------------------------------------
ADDITIONAL STRESSORS EXAMINED (NOT YET PUBLISHED):
CARBON MONOXIDE
NON-METHANE VOLATILE ORGANIC COMPOUNDS
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
Curve (b)
Ecological 
Principles
Curve (a)
Kuznets Curve
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
ECOLOGICAL FOOTPRINT:  
 
 
   ΒΑΣΙΧ Ι∆ΕΑ: ΤΗΕ ΧΥΜΥΛΑΤΙςΕ  ΕΝςΙΡΟ ΝΜΕΝΤΑΛ 
ΙΜΠΑΧΤ ΧΑΝ ΒΕ ΧΟΝΣΙ∆ΕΡΕ∆  Α ΦΥΝΧΤΙΟΝ ΟΦ 
ΧΟΝΣΥΜΠΤΙΟΝ ΛΕς ΕΛΣ 
 
   Α ΧΟΝςΕΡΣΙΟΝ  ΟΦ ΧΟΝΣΥΜΠΤΙΟΝ ΙΝΤΟ Α 
ΒΙΟΠΗΨΣΙΧΑΛ ΜΕΤΡ ΙΧ (ΠΡΟ∆ΥΧΤΙςΕ  ΛΑΝ∆ ΑΡΕ Α) 
 
   ΑΝ ΟΠΕΡ ΑΤΙΟΝΑΛ ΜΕΑΣΥΡΕ  ΟΦ ΠΛΑΝΕΤΑΡ Ψ ΛΟΑ∆ 
(∆ΕΦΙΝΕ∆ ΑΣ ΠΟΠΥΛΑΤΙΟΝ Ξ σ� ΧΟΝΣΥ ΜΠΤΙΟΝ ΠΧ) 
 
   Α∆∆ΙΝΓ  ΤΕΧΗΝΟΛΟΓ Ψ ΤΟ ΤΗΕ ∆ΕΦΙΝΙΤΙΟΝ ΟΦ 
ΠΛΑΝΕΤΑΡ Ψ ΛΟΑ∆ ΡΕΣΥΛΤΣ  ΙΝ ΤΗΕ Ι=ΠΑΤ 
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THE ECOLOGICAL FOOTPRINT (EF):
   THE ECOLOGICAL FOOTPRINT (EF) IN ANY GIVEN YEAR IS THE AMOUNT 
OF
   BIOLOGICALLY PRODUCTIVE LAND (NATURE’S CAPITAL) NEEDED TO 
REGENERATE
   HUMAN CONSUMPTION, LIVING SPACE, AND TO ABSORB WASTES.
IMPORTANT CAVEAT:
   THE EF MEASURES STRESS, PRESSURE OR LOADS ON NATURAL 
CAPITAL AND SERVICES,
   NOT THE ACTUAL IMPACT TO THE INVENTORY OF RESOURCES. 
   
   
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
ECOLOGICAL FOOTPRINT (EF): ELEMENTS OF CONUMPTION*
FIVE COMPONENTS
1.  FOOD
2.  HOUSING
3.  TRANSPORTATION
4.  CONSUMER GOODS
5.  SERVICES 
INCLUDING AN ACCOUNTING FOR WASTESNat
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ECOLOGICAL FOOTPRINT (EF):BIOPHYSICAL UNITS
 
SIX COMPONENTS:
1.   ARABLE LAND (GROWING CROPS)
2.   PASTURE LAND (ANIMAL GRAZING)
3.   FORESTED LAND (TIMBER PRODUCTS)
4.   SEA SPACE (PRODUCTIVE FISHING GROUNDS)           
5.   BUILT­UP LAND (INFRASTRUCTURE FOR 
        HOUSING, TRANSPORTATION, INDUSTRY, HYDROELECTRIC 
POWER)
6.   ENERGY OR CARBON LAND (TO SEQUESTER CO2 EMISSIONS)
  AGGREGATE EF:  THE SEPARATE MEASURES CAN BE SUMMED INTO
  AN OVERAL ECOLOGICAL FOOTPRINT
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ELEVEN INDEPENDENT AND CONTROL VARIABLES: (* = SMALL, SIGNIFICANT 
EFFECTS)
(1)   *NON­DEPENDENT POPULATION (% OF POPULATION BETWEEN 15 AND 
65)
(2)   LAND AREA PER CAPITA
(3)   *LATTITUDE (CLIMATIC ZONES)
(4)   % OF GDP IN NON­SERVICE SECTORS
(5)   WHETHER SOCIETY IS CAPITALIST (VS. MIXED CAPITALIST OR 
CAPITALIST­STATIST)
(6)   *% URBAN POPULATION
(7)   COUNTRY’S POSITION IN WORLD SYSTEM (CORE, SEMI­PERIPHERY, 
PERIPHERY)
(8)   DIRECT FOREIGN INVESTMENT
(9)   POLITICAL RIGHTS (FAIR AND OPEN ELECTIONS)
(10) CIVIL LIBERTIES (FREEDOM OF THE PRESS AND ASSEMBLY)
(11) INCOME INEQUALITY (USE OF GINI INDEX)
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FOR ALL THESE STUDIES THE TECHNOLOGY FACTOR IS 
CONTAINED IN THE ERROR TERM OF THE STOCHASTIC EQUATION:
•THE ERROR TERM COMPRISES NOT ONLY TECHNOLOGY BUT 
ALL OTHER
      VARIABLES (e.g. CULTURAL PRACTICES) NOT EXPLICITLY 
SPECIFIED IN THE 
      EQUATION.
•THIS EXAGGERATES THE ESTIMATED EFFECTS OF 
TECHNOLOGY.
WE HAVE ADDRESSED THIS ISSUE IN OUR WORK IN PROCESS:
•INDEX OF TRANSPORTATION INFRASTRUCTURE (KILOMETERS 
OF PAVED
ROADS, KILOMETERS OF RAIL LINES, AND ANNUAL AIR 
PASSANGERS
PER CAPITA)
•INDEX OF COMMUNICATION INFRASTRUCTURE  (NUMBER OF 
PHONE SUBSCRIBERS (FIXED AND MOBILE) PER 1000 AND 
NUMBER OF
        INTERNET USERS PER 1000
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
25
1.
1 
: P
os
te
d 
13
 N
ov
 2
01
0
Years:  1961 ­ 2003
*P ≤.05
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China 1,328,474,000
India 1,151,751,000
Brazil 189,323,000
Russia 143,221,000
Mexico 105,342,000
Turkey 73,922,000
South Korea 48,050,000
Argentina 39,134,000
Malaysia 26,114,000
Total 3,105,331,000
Population of the "New Consumer" Countries (2006)
Source:  United Nations Statistics Division
TRANSITION (TIPPING POINT) TO ACCELERATED 
CONSUMPTION?
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Ecological footprint per capita
Scatterplot of Average Life Satisfaction Regressed on
 Ecological Footprint per capita.
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